1 -In this paper, we study the effects of interference to channel estimation and present an iterative total leastsquares algorithm for channel estimation by using the conjugate gradient method in time-varying multipath fading channels. The Doppler shift of fast-fading channels will generate inter-carrier interference (ICI), hence, degrade the performance of orthogonal frequency-division multiplexing (OFDM) systems. Furthermore, when the length of channel impulse response (CIR) overstep the duration of cyclic prefix (CP), which will cause inter-symbol interference (ISI) and degrade system performance severely. Conventional channel estimation and equalization schemes, if applied to this case of insufficient CP, suffer significant performance degradation. By ISI and ICI analysis, an Interference elimination technique is proposed for channel estimation. After analyzing perturbation of least squares problems, we present total least-squares (TLS) scheme to eliminate the ICI, ISI and noise. We present a short theoretical overview of the TLS problem. In our estimation, residual ISI and ICI are not being handled as a noise. Since the introduction of interference, the operation of matrix becomes perplexed. We implement the Conjugate gradient total least-squares method. Simulation results confirm the performance of Conjugate gradient total least-squares method and our theoretical analysis.
I. INTRODUCTION
Orthogonal frequency division multiplexing (OFDM) has many well known advantages, and it is the most promise as a future high data rate wireless communication system. OFDM divides the available spectrum into a number of overlapping but orthogonal narrowband sub-channels, and hence converts a frequency selective channel into a non-frequency selective channel [1] . OFDM is used in many current wireless communication systems, such as DAB, DVB, WLAN, and WMAN [3, 4] .
OFDM is an attractive technique because the ISI introduced by the channel can be mitigated by using a guard interval, rather than the complex equalization schemes that are required for single carrier modulation. However, the ISI may exceed the length of the guard interval due to the very long delay, and such ISI is called residual ISI [2, 13] . Increasing the length of the guard interval to reduce the residual ISI has its limitations because it introduces a bandwidth penalty. An attempt to equalize residual ISI has been suggested in [14] , but the technique has high complexity and provides only a limited improvement. Along with ISI, the ICI that arises from the loss of sub-channel Orthogonal in an OFDM block is known to limit the performance of OFDM systems. In fact, basic diversity methods treat ICI as additive white Gaussian noise. However, the receiver should exploit the structure of ICI according to the transmit standard. It was earlier also proposed in the adaptive matrix equalizer [17] , although its complexity can be prohibitive for systems with many sub-carriers.
OFDM combines the advantages of high performance and relatively low implementation complexity. However, that requires coherent demodulation that needs to estimate and tracks parameters of fading channel. Usually, the channel estimation is performed by inserting pilot symbols into the transmitted signals. In slow fading channels or time invariant channels, reference [5] proposed an LS channel estimation technique based on the comb-type pilot arrangement. An MMSE channel estimator has been proposed in [6] , which makes full use of the channel correlations both in time and frequency domains and can significantly improve the OFDM system performance. To reduce the computational complexity of the MMSE estimator, reference [7] presented a linear MMSE (LMMSE) channel estimation method, which is need to know a channel autocorrelation matrix in the frequency domain. However, in fast fading channels, ICI degrades the performance of estimator. To alleviate this, in [8] proposed a new pilot pattern that is the grouped and equipage pilot pattern and the corresponding channel estimation and signal detection to combat the ICI. In [10] , a new distributive training sequence based on modified m-sequences was proposed to perform the ICI matrix estimation. The new training sequence can deal with noncircularly ICI matrices, whereas most existing schemes assume that the ICI matrix is circularly. These methods have high complexity since it requires the joint estimation of several adjacent OFDM symbols. In addition, several kinds of blind channel estimation algorithms have been proposed in order to improve transmission efficiency [15] [16] . These algorithms are based on the high-order statistical property of received signals,so it cannot be used in a high mobility environment since they require many blocks of data to carry out the estimation procedure.
In this paper, we propose an improved channel estimation method for OFDM transmission over the timevarying multipath fading channels using pilot sub-carriers. We consider the channel estimate is not only corrupted by additive white Gaussian noise (AWGN) but also by ICI and ISI. Therefore, the ICI effect due to the high Doppler shift has to be considered. Moreover, when CIR length exceeds the duration of cyclic prefix (CP), it results to ISI，which may degrade system Performance severely. Our aim is to mitigate the BER degradation due to the ICI and the residual ISI that exceeds the length of the guard interval. The interference isn't treated as AWGN, whereas it is seen as the perturbation matrix. After analyzing perturbation of least squares problems, to solve the perturbation equation, we propose that the estimation of channel response can be obtained by the total least squares (TLS) method. It can improve 10-15DB than the least square. Since the introduction of interference, the operation of matrix becomes perplexed. The TLS solution can be obtained through minimizing a Rayleigh quotient function with use of the conjugate gradient (CG) method, which is suitable for large matrix. A closed-form mathematical expression has been derived to express the channel estimation. It has been shown that the proposed channel estimation and data detect can effectively eliminate the ICI effect. Compared with the LS estimation algorithm, the main advantage of the proposed technique is its robustness against ICI and ISI.
The paper is organized as follows. Section II describes the OFDM system and channel models. In Section III, the effect of residual ISI and ICI is present to channel estimation, and given an analytical for perturbation of least squares. The TLS and CGTLS are also introduced in Section III. In Section IV, the effectiveness of the proposed schemes is demonstrated by simulation results. The concluding remarks are drawn in Section V. Notation
In this paper, the following notations are used. ( ) Figure 1 shows a functional block diagram of the OFDM system with channel estimation circuit.
We adopt the OFDM system model in [9] without loss of generality. The input binary bits are first fed into a serial-to-parallel (S/P) converter. Each data stream then modulates the corresponding sub-carrier by MPSK or MQAM. The modulation scheme may vary from one subcarrier to another in order to achieve the maximum capacity or the minimum bit error rate (BER) for a given channel characteristic and total signal power constraint. After inserting pilots, IFFT block is used to transform the data sequence of length { ( )} N X p into time domain signal ( ) x k with the following equation:
In which N is the number of sub-carriers. An inverse fast Fourier transform (IFFT) can be used as the modulator while a fast Fourier transform (FFT) is used as the demodulator in the OFDM system. The basic idea of OFDM modulation is to partition a wideband signal bandwidth into a set of orthogonal sub-carriers. To maintain orthogonal among sub-carriers, it is necessary to add cyclic prefix (CP) in every symbol. The length of cyclic prefix should cover the duration of channel response. The resultant OFDM symbol is given as follows: 
B. Time-Varying Channel Model
At the receiver, transmitted signals will be passed through a wireless fading channel ) ,
.A tapped delay line channel model is expressed as in [3] .
In which, l 
Where, ) (m n is the additive white Gaussian noise at the m-th sample time during an OFDM symbol periods. For convenient representation (3) can be represented in matrix form as follows:
Where g is a N by N matrix constructed by ) , ( l q g . The received signal can then be obtained in the frequency domain as:
Where W is the frequency domain noise vector; H is referred to as the frequency domain channel matrix; F is the Fourier transform in matrix form; H F denotes applying a Hermitan operation on F . If the CIR is time invariant within an OFDM symbol, H will be a diagonal matrix. When the CIR is time-varying within an OFDM symbol, matrix H will no longer be a diagonal matrix and ICI will occur. In practice, obtaining the matrix H in a time-varying environment is very difficult.
When there is the ICI, the received demodulation symbol in the k-th sub-carrier is expressed as： 
As was noted by previous work, the ICI term can not be neglected as the maximum Doppler shift increases.
Ⅲ CHANNEL ESTIMATION
For coherently modulated OFDM system it necessarily knows Channel impulse response. First of all, we give the LS estimation technique as it is needed by many estimation techniques as an initial estimation. In our paper, we assumed that perfect carrier and timing synchronization are obtained an the receiver.
A. Least-Squares Estimation
The received signal Y can be expressed as :
LS channel estimation algorithm is to make the following squared error minimum:
If there is only white Gaussian noise channel, then the equation (8) can be written as:
Simplified:
In OFDM system, the pilot sub-carrier is first identified by using the transmitted pilots 
Where Kp is the number of pilot sub-carrier.
The greatest advantage of LS estimation algorithm is its simple structure, complexity is low, and channel feature on the pilot sub-carrier can be obtained through an inverse operations and multiplication. However, LS estimation algorithm ignores the effect of noise, so the accuracy of this algorithm is limited; LS algorithm is useful when channel noise is small.
B. Perturbation of least squares problems description
In this section, we consider the generic perturbed least squares problem and provide an analytical upper bound for perturbation of least squares solutions [18] . Consider 
The solution to this problem is given by: † LS x A b  (15) where † A is the pseudo-inverse of A . Typically, we may assume that m n  and that A is full rank, so that: , it is seen that:
where the first part belongs to ( ) R A and the second to 
C. Interference analysis of channel
This section provides a brief review of interference analysis of channel. By adding cyclic prefix (CP) to the beginning of each OFDM symbol, inter-symbol interference (ISI) and inter-carrier interference (ICI) are mitigated [2] . However, there exist the residual ISI induced by multipath components whose delays exceed CP due to shortening of CP for the purpose of increasing spectral efficiency or unforeseen channel behaviors. The resultant ISI and ICI deteriorate the system performance [14] . For more elaborate introduction to OFDM, the reader may refer to [12] , [13] , [19] and [20] , wherein numerous further references are found. 
where Q is the N-point DFT matrix whose element is (25) and C , T C and s C are N by N matrices that can be formed as in (24), (25) and (26). 
The first term of the right hand in (24) 
D. Total Least-Squares Estimation
When there is ISI and ICI, The expression in (7) can be rewritten as:
Where E is the perturbation of matrix which is caused by the interference, and r is observe noise. We consider the problem:
The Lagrangian of problem (32) is given by
Note that problem (31) is a linearly constrained convex problem with respect to the disturbance variables E and r .we conclude that ) , ( r E is an optimal solution of (31) if and only if there exists  such that
From (32) and (33) we have
(35) Combining (34) and (35) we obtain:
From (35), (36) and (37) we have:
For a given optimal solution X to the simplified TLS problem (30), the optimal pair ) , ( r E to the original TLS problem is given by (37) and (38).
The TLS solution is obtained by perturbing H and Y , in order to correct for perturbation present on H and Y , while simultaneously keeping the sum of the squares of the norms of the perturbations at a minimum.
We name this algorithm as convention total leastsquares, and it can be abbreviated as TLS.
E. Conjugate gradient total least-squares
The problem described by equation (29) can be restated as: It has been shown that the constrained minimization problem in requirements (40) is equivalent to the following Rayleigh quotient minimization problem:
which in turn is equivalent to finding the eigenvector q associated with the smallest eigenvector of
In most reported studies the TLS problem is solved by SVD [21] . In general, the SVD calculation needs (
where ( ) k  is chosen to reach the minimum of ( )
(43) Among the two possible solutions of equation (43), the one that yields the smaller value of ( ) F q is given by:
The channel frequency response We name this algorithm is conjugate gradient total least-squares, and it can be abbreviated as CGTLS.
Ⅳ. SIMULATION RESULT

A. Simulation Parameter
In this section, we will investigate performance of the TLS channel estimation algorithm in the time-varying multipath Rayleigh fading channel. In order to verify the performance of this algorithm, we use MATLAB to do simulation and compare it to LS algorithm. Let us briefly refer to main parameters in the OFDM system that we consider. The system uses 16QAM modulation mode, channel model is the Rayleigh fading channel with Doppler frequency shift, maximum Doppler frequency shift is 132Hz, the number of sub-carriers is 128, and guard interval is 7.8125 kHz. In our simulations, we assume that the channel in an OFDM symbol is changes slowly. Furthermore, we have assumed the 5-tap channel model and having path delays of 0, 2, 4, 8 and 12 μs, respectively. In order to verify the robustness of the CGTLS channel estimation, the CP length and RMS delay are mutative.
B. Simulations Results
First, to compare the original LS channel estimation with the convention total least-squares by simulation to verify the bit error rate ( BER). The simulation results are shown in Figure 2 . Figure 2 shows the performances of LS and TLS when CP=16. Because the treatment of perturbed matrix is different between TLS and CGTLS, the performance of CGTLS is showed the next figure. Figure 2 show the performance BER of versus the SNRs between LS and TLS channel estimation schemes. LS channel estimator presents poor performance in low SNRs. Also, as is illustrated in this figure 2, in low SNRs, where noise is the dominant factor degrading channel estimation performance, the convention total leastsquares scheme can eliminate noise much more effectively because it reduces the effect of noise. With the increased SNR, external interference and noise will be degraded, so both of estimation schemes have an approximately performance. TLS scheme can work even better than LS scheme, because the TLS is susceptible to the presence of noise and interference.
The MSE of the proposed TLS and CGTLS channel estimator in section III was simulated. The MSE curve of the three channel estimators were plotted in Figure 3 when CP=0. From the comparison, we can see that CGTLS offers a huge improvement in the MSE and TLS algorithm has also significantly increased in the MSE. Performance of TLS method depends on the optimal pairs ) , ( r E .
It can not match with the actual perturbation. The CGTLS based on produced by mechanism of ISI and ICI, and integrated noise, so it has the best performance in three algorithms. From the theoretical analysis, total least square usually can improve 10-15 DB than the least square.
Finally, we investigate the performance of the CGTLS scheme. Figure 4 and Figure 5 show the BER performance of the OFDM system when the RMS delay spreads are 200 ns and 400 ns, respectively. In order to verify the impact of interference, we give simulation results with four different lengths of cyclic prefix. It is 4, 8, 12 and 16, respectively.
When cyclic prefix is insufficient, especially at short cyclic prefix; whereas, we can observe that the BER performance of LS was seriously disturbed by the system introduced ISI and ICI. The CGTLS scheme is robust to the length of cyclic prefix especially in the higher SNRs. Because in the low SNRs, the effect of noise is master, in the higher residual ISI and ICI become evident. From the result of simulation, the CGTLS channel estimation is superior to the LS channel estimation in the same SNR. From the comparison, we can see that CGTLS can improve the channel estimation performance both residual ISI and ICI.
Ⅴ CONCLUSION
In this paper, we have considered the improvement of channel estimation with residual ISI and ICI cancellation.
We have given an effective TLS algorithm and CGTLS for channel estimation of OFDM systems over time varying multipath channels.
As the structure of LS channel estimation algorithm is simple, the performance is very general when the channel environment is poor. Based on interference analysis of channel, residual ISI and ICI are not being handled as a noise. By applying TLS criterion, we successfully reduce the effect of error and interference. The major disadvantages of the presented channel method include iteration operation. Algorithm effectiveness is verified by theoretical analysis and simulation and the frequency of utilization of OFDM systems is also improved.
